This paper aims at investigating the influence of curing process on kaolin-based geopolymers. Kaolin-based geopolymers were prepared by the alkali-activation of kaolin with alkali activating solution (mixture of NaOH and Na 2 SiO 3 solutions). The compressive testing, XRD and FTIR analysis were performed. The compressive strength results showed that curing at 60°C for 3 day achieves better strength. XRD analysis revealed that the entire geopolymer sample reduced in intensities and became amorphous at longer age while FTIR analysis indicated the presence of geopolymer bondings. Both analyses showed the presence of large amount of un-reacted remained in the system were the reason of the low compressive strength obtained.
Introduction
Kaolin is a naturally occurring material composed primarily of fine-grained minerals and is the most abundant mineral can be found on the earth. Kaolin essentially comprised of silica, alumina and water in variable combinations, clay mineral kaolinite is frequently predominates [1] . Geopolymer is synthesized by the polycondensation of silico-aluminate structures. Highly alkaline solutes such as NaOH and KOH are incorporated with source materials rich in SiO 2 and Al 2 O 3 [2, 3] . Kaolinite is the main structure forming species to the overall geopolymerisation process [4] . Curing regime for the geopolymer are important factors that must be taken into consideration when designing a kaolin-based geopolymer product for a specific application [5, 6] .
Effect of curing temperature on the development of the hard structure of metakaolin-based geopolymer was studied by Rovnanik [7] . The results showed that the treatment of fresh mixture at elevated temperatures accelerates the strength development, but the mechanical properties deteriorated at 28 days in comparison with results obtained for mixtures that were treated at an ambient or slightly decreased temperature. Other research also reported that increased curing time or curing temperature increased the compressive strength [8] . In the study of Alonso and Palomo [9] , rate of polymer formation is influenced by parameters such as curing temperature, alkali concentration, initial solid content, etc. When the activator concentration increases, a delay in polymer formation is produced, whereas temperature accelerates its formation. Van Deventer and Lukey [6] studied towards the effect of composition and temperature on the properties of fly ash and kaolinite-based geopolymers, they showed that the initial curing at higher temperatures does not increase compressive strength substantially above that achieved by curing at room temperature. Curing at higher temperatures for more than a couple of hours does seem to positively affect the development of compressive strength and curing for longer periods of time at elevated temperature appears to weaken the structure. Also prolonged curing at elevated temperatures breaks down the gelular structure of the geopolymer synthesis mixture, resulting in dehydration and excessive shrinkage as the gel contracts without transforming to a more semi-crystalline form [10] .
In this paper, important testing and analysis included compressive strength; XRD and FTIR analysis were discussed based on the effect of curing regime on kaolin geopolymers.
Experimental Methods
Materials. Sodium Hydroxide (NaOH) powder used was classified as caustic soda micropearls, 99% purity with brand name of Formosoda-P, made in Taiwan.
A technical grade sodium silicate solution (Na 2 SiO 3 ) was supplied by South Pacific Chemicals Industries Sdn. Bhd. (SPCI), Malaysia. The chemical composition was comprised of 30.1% SiO 2 , 9.4% Na 2 O and 60.5% H 2 O with modulus SiO 2 /Na 2 O of 3.2, specific gravity at 20°C = 1.4 g/cm 3 and viscosity at 20°C = 0.4 Pa•s.
Kaolin was supplied by Associated Kaolin Industries Sdn. Bhd., Malaysia. The general chemical composition is tabulated in Table 1 , which was obtained from XRF analysis. The physical form of kaolin used was of powder type, and has minimum 40% of particle size less than 2 µm and maximum 2% of moisture content. It was used as Si-Al cementitious materials. Distilled water was used throughout. Sample Preparation. NaOH pellets and water were first prepared and mixed in a volumetric flask to obtain a concentration of 8M and then allowed to cool down to room temperature. NaOH solution was mixed with Na 2 SiO 3 with Na 2 SiO 3 / NaOH ratio of 0.32 to prepare a liquid alkali activator, 24 h prior to use. Kaolin powder and alkali activator were mixed with the solid to liquid (S/L) ratio of 1.0, and stirred well for a few minutes by using mechanical mixer. The fresh geopolymer paste was then rapidly poured into a 50 x 50 x 50 mm steel mould and the samples were compacted to approximately one half of the depth (about 1 in. or [25 mm]) of the mould in the entire cube compartment, and the paste was tamped in each cube compartment at each layer as described in ASTM C109 [11] . Finally, the samples were separated into 2 sets of curing conditions, one set was cured at ambient temperature, and the other set was cured in an oven at temperature of 40, 60, 80 and 100°C. The sample was cured for 1 day, 2 days and 3 days. Samples were sealed with thin plastic at the exposed portion of the mould during the curing stage.
Testing and Analysis Methods. Compressive strength tests of all specimens were evaluated according to ASTM C109/C109M-08 by using the Instron machine series 5569 Mechanical Tester. All specimens of different curing conditions were taken out of the oven after 1 day, 2 days and 3 days of curing, and were put in room temperature until the day of testing. The compressive test was carried out to evaluate the strength development for the specimens. The samples were compressed at 1, 3, 7, and 28 days. Samples were prepared in powder form and undergone XRD examination. XRD -6000, Shimadzu x-ray diffractometer equipped with auto-search / match software as standard to aid qualitative analysis was used to make a diffraction pattern of the crystalline solid.
Perkin Elmer FTIR Spectrum RX1 Spectrometer was used to evaluate the functional group of the sample. Small amount of potassium bromide (KBr) and geopolymer powder were put into a mould. By using cold press machine, mould which contains powder and KBr was pressed at 4 ton for 2 minutes to produce specimens for examination.
Results and Discussions
Compressive Strength. At ambient temperature, the reaction of kaolinite is extremely slow as shown in Figure 1(a-c) . During the first 3 days of curing; the sample did not harden and only showed results at 7 days of ageing, with a very low strength gain. This result was supported by the work of Kirschner et al. [12] , stating that ambient temperature was unfeasible due to a delayed in the beginning of setting. From Figure 1(c) , it could be observed that the sample cured at 80°C was reduced in strength at the ageing of 28 days when it is heat-treated for 3 days; whereas, if cured for 2 days, the strength at 28 days reported was quite similar to the strength tested at 7 days. This indicated that the strength cannot be further improved upon. A similar situation occurred to samples cured at 100°C for 2 and 3 days. For samples cured at 100°C for 2 days, the strength decreased at ageing of 28 days; whereas, for samples cured for 3 days, the strength dropped after 7 days of ageing. Although the temperature of 80°C and 100°C initially led to a faster strength gain compared to other curing temperatures, but the strength dropped after few days of ageing. On the other hand, curing at a temperature of 40°C showed a slightly faster strength gain compared to curing at ambient temperature. Curing at 40°C and 60°C were similar that the strength gained without dropping at longer ageing time, at least up to 28 days. However, curing at temperature of 60°C seemed to be the best for kaolin geopolymers because it gained a faster initial setting compared to 40°C, and also led in strength when cured for 3 days. In brief, compressive strength increased with the moderate elevation of reaction temperature. Kaolin geopolymer needed thermal activation in order to obtain hard structure and good properties. X-Ray Diffraction. The raw material kaolin comprised of kaolinite (K) as major mineral. The characteristic kaolinite peaks are at 2θ values of 12.3°, 19.8°, 24.9°, 45.4°, 55.1° and 62.2° [13] .
Besides this, kaolin also contained some dickite (D) and quartz (Q). Alunite (A) could be found in trace amount. After geopolymerization process, a number of characteristic kaolinite peaks was remained in spectra of geopolymer samples. However, these kaolinite peaks decreased in intensity in all geopolymer products and the intensity continued to decrease at 28 days as shown in Figure 2 . This meant that the dissolution ability increases with ageing days. The structure will formed more compacted structure at longer reaction time. Alunite mineral and especially quartz phase has been found to be largely unreactive, where the reflection peak still remained in the system which did not take part in the geopolymerization process, but their intensities were slightly lower due to a dilution effect [14, 15] . Peaks at 2θ values of 14º, 32º, 35º, 43.5º, 50.5º, 52.5º, 59º and 61º most properly was corresponding to zeolite family and will only appeared in geopolymer samples. The entire geopolymer sample reduced in intensities which becoming amorphous at longer age with higher strength gain. In general, XRD pattern of geopolymer samples showed that large part of unreacted materials remains. These un-reacted parts contributed to the low strength of geopolymer products. Fourier Transform Infrared Spectroscopy. Figure 3 shows the FTIR spectra of kaolin and kaolin-based geopolymers cured at 60 ºC for 3 days. OHstretching vibration was found at 3688 cm -1 and 3617 cm -1 whereas the stretching of H 2 O was found at 1643 cm -1 . Characteristic peaks of Si-O bonds in the SiO 4 molecules were found at 1113 cm -1 and 994 cm -1 [16] . The band at 907 cm -1 was corresponded to Al IV -OH vibrations [17] . Absorption peaks at 799 cm -1 , 749 cm -1 and 641 cm -1 were Si-O symmetric stretching [18] and the band at 537 cm -1 was assigned as Si-O-Al VI [17] . After alkaline activation of kaolin, broad band was observed around 3300 cm -1 (OHvibration) and 1645 cm -1 (H 2 O stretching). These intensities decreased with the day of testing and this indicated that large amount of water were adsorbed in the cavities and expelled out after curing. Band at around 1390 cm -1 was assigned to the asymmetrical stretching vibrations of Al-O and Si-O bonds [19] . The band at around 950 cm -1 was the Si-O-T linkages, where T denoted Si or Al. This linkages indicated the increasing of non-bridging oxygen in silicate sites and Al substitution in the silicate network suggested by Hajimohmmadi et al. [20] . These peaks increased in intensity with the day of testing suggested that there are geopolymer bondings in the system. The absorption peak at around 530 cm -1 was originated from the original starting materials. This indicated that un-reacted starting materials being left in the system after the activation. In the kaolin-based geopolymer, there observed the zeolite peaks at around 660 cm -1 [21] , which were also shown in XRD pattern.
Conclusion
From the result, the conclusions made are as follow:
• Curing conditions affect the compressive strength significantly. Curing at 60°C for 3 days achieved better strength development. Curing at elevated temperature of 100°C was beneficial for early strength gain but deteriorate later strength development. • XRD analysis showed that the entire geopolymer sample reduced in intensities which becoming amorphous at longer age. • FTIR analysis showed the presence of geopolymer bondings.
• Large amount of un-reacted raw materials remained in the system as indicated by XRD and FTIR analyses. 
